Recently, the Shanghai Futures Exchange (SHFE) introduced gold futures trading in China. This paper is the first to study the SHFE gold futures, and to evaluate the futures hedging effectiveness since the introduction. The results show that hedging with gold futures reduces the variance of a hedged gold spot position by about 88% in its first two years of existence. During the second half of 2008, however, when the global financial crisis escalated, the variance reduction dropped to about 70%. Overall, the new Chinese gold futures prove to be attractive and well-needed hedging vehicles for domestic Chinese gold producers, refiners, consumers and investors.
INTRODUCTION
Recent financial uncertainty has sparked an increasing interest in gold as an investment or portfolio insurance. The supply of financial derivatives with gold as underlying asset has grown and diversified to new products, such as exchange traded funds and mini-futures. These products have also reached geographical segments beyond the traditional hubs in London, New York and Zürich. Gold derivatives have recently emerged on financial markets in Hong Kong, Seoul, Shanghai, Singapore and Taiwan. This tilt of financial gold markets towards Asia and particularly China reflects the continent's current dominance of demand and supply of physical gold in world markets. China has the world's largest gold production and is second only to India in gold consumption.
In spite of its world leading position in terms of supply and demand, China's gold market is only emerging and has been immature in terms of financial gold products. Recently, several important steps toward an efficient gold market have been taken. The Shanghai Gold Exchange (SGE) was founded in 2002 and is now the largest spot gold exchange in the world. In 2004 a Chinese spotdeferred contract (SDC) was introduced, 1 and in 2008, the Shanghai Futures Exchange (SHFE) introduced trading in gold futures. The latter quickly has gained a dominant share among the Chinese gold products. Even though trading in gold futures at the SHFE has been in operation only for two years, and is only open to domestic investors, the contract is already the fourth most traded gold future in the world. 2 To our knowledge, no academic study has analyzed the Chinese gold futures market. The aim of this study is to fill that gap. In particular, we analyze optimal gold futures hedging strategies and evaluate the effectiveness of the hedging strategies in the first two years of Chinese gold futures trading. The purpose is to identify whether the Chinese gold futures market provides a satisfactory avenue for gold investors, refiners, producers and other gold-related companies to hedge their risk exposures.
The interaction between spot and futures markets is important for hedging, and such aspects are explored in several gold price studies. Using monthly data for 1975 -1979 , Abken (1980 find that three-month gold futures prices assimilate new information efficiently, making them good predictors of future spot prices. Further studies on the efficiency of spot and futures prices are provided by Ma and Soenen (1988) , Monroe and Cohn (1986) , and Liu and Chou (2003) . Bertus and Stanhouse (2001) point out that gold is associated with low storage costs (indefinite durability) and transaction costs (ownership changes do not usually imply physical movement of the good), is traded around the clock, and has a stable supply as there is much more gold in storage than what is being produced. Thus, the relationship between gold spot and futures prices ought to be more stable than for other commodities. Given that the relationship between spot and futures prices is well explored, there are surprisingly few studies on gold futures hedging. To our knowledge, the only paper investigating the efficiency of gold futures hedging is Baillie and Myers (1991) . 3 Using US data from 1982 and 1986 on six different commodities, including gold, they show that a constant OLS hedge performs almost as well as a time-varying generalized 3 Shalit (1995) theoretically shows that the mean extended Gini (MEG) hedge ratio converges to the minimum variance (MV) ratio when log futures prices are normally distributed. In his empirical tests, he estimates MEG and MV hedge ratios for the four COMEX metal futures including gold futures. The results show that for short-term gold contracts, the two ratios are likely to be the same. This does not hold for long-term contracts, because they are likely to have non-normal logged prices. Shalit (1995) does not discuss efficiency of gold futures hedging strategies.
autoregressive conditional heteroskedasticity (GARCH) hedge for gold futures in reducing the hedged spot portfolio variance.
This paper contributes to previous research in the following ways. Firstly, this paper is the first study of the increasingly important Chinese gold futures market and of the gold futures contracts' hedging effectiveness. Moreover, this paper also analyzes the gold futures since the introduction of gold futures trading at the SHFE. Thus, apart from being able to document the hedging effectiveness of the SHFE gold futures for the first time, this paper also provide important insights into the evolution of the hedging performance at an emerging futures market. Secondly, for gold futures hedging in general, this paper extends the analysis of Baillie and Myers (1991) by considering several alternative hedging strategies, including naïve strategy, static constant strategy, and different dynamic strategies reflecting the latest futures hedging research. In addition, we use a more comprehensive data set relative that of Baillie and Myers (1991) , covering all traded gold futures contracts over a two-year period (rather than two selected contracts), which allows for a more elaborate evaluation of hedging performance across different contracts and over time. Thirdly, the sample period coincides with the global financial crisis in
2008 that led to high volatility in all asset classes, including gold. This provides an interesting test ground for how the crisis affected gold futures and hedging performance.
The results of this study show that the SHFE gold futures are well-suited for hedging spot gold products from the SGE, able to reduce the daily variance of a hedged gold spot position by almost 80% on average in its first year of existence (2008) and by almost 90% in the second year (2009).
The relatively worse hedging performance during 2008 is likely to be due to the financial turmoil. The results also show that the returns series of both spot and futures products on the Chinese gold market are well-represented by bivariate GARCH models (with constant or dynamic correlations). However, accounting for such effects in the design of hedging strategies does not
give any edge relative to the considerably simpler regression-based hedge. All these results are consistent across spot gold products and hold both in-and out-of-sample.
The following section provides an introduction to the Chinese gold market along with information on the data set applied in this study. After that, the methodology for the hedging performance evaluation is presented, followed by results and discussion. A final section concludes.
THE CHINESE GOLD MARKET
Gold consumers, producers and investors in China have until recently had limited hedging opportunities as only ten (state-owned) actors have been allowed access to international derivatives markets, and domestic supply of hedging venues has been scarce. This section introduces the development of the Chinese gold market, with special focus on hedging alternatives, regulations and practices. It also presents the data used for the subsequent empirical analysis.
Market structure
Deregulation and development of the Chinese gold market lags far behind developed markets.
Prior to 2002, all parts of the gold market in China were strictly regulated. For example, gold prices and quotas were jointly determined by the central bank and other authorities (see Ong, 2010 , for more information on China's gold market reform process 
Gold hedging practices
In global gold markets numerous methods for hedging exist, including forwards, gold loans, swaps, SDC's, and futures. Hedgers include producers, consumers and investors. Tufano (1996) reports that 85% of the North American gold mining firms use some form of hedging. The choice of hedging instrument is of course dependent on the type of gold price exposure to be hedged.
Also, Adam (2007) 
EMPIRICAL FRAMEWORK
This section presents the models underlying the hedging strategies subject to evaluation in the empirical study, then presents various criteria for evaluating them, and finally shows details on how to estimate the models.
Hedging strategy models
An investor is assumed to hold a long gold spot holding and to hedge that holding on a daily basis using a short position in futures contracts. . Conditioning on the information available at time 1  t , the expected portfolio return can be written as:
 t is the set of information available at time 1  t . The conditional portfolio variance is then:
The investor is utilizing a minimum-variance hedge strategy. Hence, the futures hedge position that minimizes the conditional variance of the portfolio returns in Eq. (2) is the optimal hedge ratio, which is given by:
Four different hedging strategies are evaluated. Firstly, the one-to-one naïve hedge is considered, which assumes that 1
. This strategy is optimal only if the futures contract exhibits no basis risk, e.g. if the underlying commodity of the futures contract is exactly the same as the commodity to be hedged. This model involves no estimation and is thus very simple to implement. Secondly, the regression model by Ederington (1979) is considered, in which * 1  t  is estimated using ordinary least squares on the relationship between spot and futures returns.
Finally, two different strategies based on generalized autoregressive conditional heteroskedasticity (GARCH) models are considered. Several studies show that gold prices in both spot and futures markets have time-varying variances (Lucey and Tully, 2006; Tully and Lucey, 2007; Baur 2009 ). GARCH models account for such time-varying variances by allowing timevarying optimal hedge ratios. Several versions of GARCH models are suggested in the previous literature. In this study, both Bollerslev's (1988) integrated GARCH). In-sample, these models yield slight improvements in hedging performance over simpler alternatives. Out-of-sample, however, the benefits of GARCH-based hedging strategies are limited (Myers, 1991) , zero (Fackler and McNew, 1994) , or even negative (Holmes, 1996; Chakraborty and Barkoulas, 1999) . Next, the criteria for hedging strategy evaluation applied in this study are outlined.
Hedging strategy evaluation
All hedging strategy evaluation in this study is performed both in-sample and out-of-sample. For in-sample analysis, the full sample is used for both estimation and evaluation. For out-of-sample analysis the first five months are used as an initial estimation sample (January 9, 2008 -May 30, 2008 . The estimation sample is used to estimate all hedging strategies' initial coefficients. Based on those coefficients, hedge ratios for the first day are calculated and out-of-sample hedging errors are recorded simply as the daily realized hedged portfolios' return
The same procedure is applied for every subsequent day in the sample, letting the estimation window expand by one day for each step forward in time. Once the estimation procedure is iterated through the whole sample, time series hedging error variances, 2 HE  , are calculated.
Two hedging performance metrics are used. Following Ederington (1979) , the first metric is defined as
 is the variance of the unhedged gold spot returns. According to Kofman and McGlenchy (2005) , HP is the most commonly used hedging performance measure. It measures the variance reduction achieved by using the futures contract relative the original unhedged gold spot variance. However, the HP measure only takes the variance reduction dimension of hedging into account, while ignoring the return of the hedged portfolio.
The second metric used is the utility-based criterion proposed by West et al. (2003) . It is used to investigate how a hedger's utility is improved using a certain hedging strategy relative an alternative model. Suppose that the investor's expected utility from the hedged portfolio can be described as 
Hedging strategy estimation
In order to estimate the optimal hedge ratio in Eq. (3), the following general framework is applied.
The gold spot returns and the futures returns are estimated in a bivariate model according to: 
then the long run error-correction term. Error-correction models are used to estimate optimal hedge ratios by, among others, Brooks et al. (2002) and Lien and Yang (2008) . Brenner and Kroner (1995) discuss the possibility of cointegration relationship between spot and futures prices in general, whereas Lien (1996) analyzes the effects of the cointegration relationship on minimum variance hedge ratios and hedging effectiveness.
Denoting the vector of residuals from Eq. (6) and (7) ] [ , ,
, the conditional distribution of t  is assumed to be bivariate normal with the conditional variance-covariance
, and t  is the conditional correlation coefficient between spot and futures returns. Using this specification of the conditional variancecovariance matrix the optimal hedge ratio becomes
In accordance with the DCC-GARCH model (Engle, 2002) and the more parsimonious CC-GARCH model (Bollerslev, 1988) , the conditional variance equations are written as:
Moreover, in the DCC specification, the conditional correlation coefficient is modeled as:
where  is the unconditional correlation between t s,  and t f ,  , and:
, and
The optimal hedge ratio in Eq. (9) is conditional on the available information, and depends on the conditional variance of gold spot returns, the conditional variance of the futures returns, and the conditional correlation coefficient. Hence, in the DCC-GARCH framework, the optimal hedge ratio varies over time in accordance with the information flow, applying the full parameterization from Eq. (10) through (13). The optimal hedge ratio in the CC-GARCH framework reduces to 
 and 2  , as well as the error-correction coefficients s  and f  in Eq. (6) and (7) to zero.
The bivariate GARCH models are estimated using futures returns in combination with spot gold returns. The three most traded spot gold products are considered, i.e. 99.95% and 99.99% purities as well as Au 100g. Estimation is done using the maximum likelihood technique outlined in Berndt et al. (1974) , where the standard errors are corrected for heteroskedasticity and autocorrelation in the residuals (10 lags) according to White (1980) and Newey and West (1987) .
RESULTS
In order to get an understanding of the Chinese gold market, this chapter first gives summary statistics of trading activity, showing an interesting pattern of contract switching in the futures market. This pattern is utilized to derive time series of gold futures returns, which along with gold spot returns are needed for the evaluation of hedging strategies. The presentation of summary statistics of the returns is followed by comments on the fit of the estimated models and the hedging strategy evaluation results. of each measure of trading activity are reported for the entire sample period as well as the two subperiods specified above. These statistics are given for all futures contracts together as well as separately for the contracts expiring in June and December. The last three rows of Table 2 contain tests for equality between Period I and Period II means, medians, and variances respectively. For all contracts traded at the SHFE, the mean (median) trading volume is slightly more than 30,000 (22,000) contracts and the standard deviation in trading volume is just above 23,000 contracts. In a comparison across periods, no significant difference in means and medians is observed at the 5% significance level, but a significant decrease in standard deviation from Period I to Period II is seen (at a very low significance level Futures trading activity at the SHFE is clearly concentrated to the two contracts maturing in June and December. From the summary statistics in Table 2 , it is observed that from the total average
Trading activity
trading volume (open interest) figures, the June contracts account for almost 64% (58%) and the December contracts account for 35% (40%). The total futures market daily RMB trading volume is on average accounted for by the June contracts to 65% and by the December contracts to 33%.
Evidently, trading activity in these two contracts totally dominate the SHFE, leaving the contracts maturing in other months with on average only a few percent of the daily trading activity. This feature of the trading activity at the SHFE is further emphasized in Figure 1, Evidently, both the SHFE and the SGE exhibit a substantial gold trading activity. Figure 2 illustrates the total daily gold trading volume (in kilograms) on the SHFE and the SGE for our entire sample period, separated into spot, SDC, and futures trading. On the whole, futures trading dominates SDC trading, which in turn dominates regular spot trading. The average daily fraction of futures trading volume to total trading volume is 59%, whereas each corresponding fraction of spot and SDC trading volume is 12% and 29% respectively. According to the test results (not reported), the null hypothesis can be rejected at a very low significance level.
Contract switching and returns
The hedging performance analysis in this article focuses on daily gold spot and futures returns.
Based on the futures market trading activity analysis above, in accordance with Figure 1 , we only use the contracts with maturity in June and December to calculate futures returns. To ensure that the most actively traded contract is used at all times when calculating futures return series, the systematic pattern in Figure 1 is used to determine when the futures position is "rolled over" from one of the contracts into the other. Consequently, we calculate the first futures return in our sample as the difference between the natural logarithm of the closing futures settlement price on Table 4 , at a very low significance level. Evidently, gold spot and futures returns are significantly more volatile during 2008 than more recently, which is consistent with the increased uncertainty due to the concurrent 2008 financial crisis. We illustrate the development of gold spot and futures prices, and the corresponding returns, over our entire sample period in Figure 3 and Figure 4 respectively.
Clearly, gold prices are declining throughout most part of Period I (2008) and exhibit a large variation in particular during the second part of the period. During Period II (2009 and onwards), gold prices experience an incline with considerably less variability than during Period I. Table 6 ) is not sufficient to capture the joint dynamics of gold spot and futures returns, as the squared residual series contain significant autocorrelation. On the other hand, the two more complicated models, the CC-GARCH and DCC-GARCH, appear well suited for their purpose. The Ljung-Box statistics reported in Table 6 ( s Q and f Q for spot and futures residuals respectively) indicate no remaining autocorrelation in either raw or squared residuals in either of the models. In addition, each of the GARCH models outperforms the simple regression model in terms of a significantly higher log likelihood value. However, using the DCC rather than the CC specification does not improve the fit of the data.
Hedging strategy estimation results
In the mean equations, the only coefficient that is significantly different from zero is f  , which At the bottom of each panel in Table 6 , the average hedge ratio obtained from estimating each model is presented. Thus, the constant hedge ratio from the regression model for the 99.95% spot gold (Panel A) is estimated to 0.9078, which is below the average hedge ratios from the more complicated models; 0.9441 for the CC-GARCH model and 0.9580 for the CC-GARCH model respectively. Thus, in terms of futures hedging, the more complicated models produce an average estimated hedge ratio closer to one, i.e. to the naïve hedge ratio, than the regression model.
The results across the three spot gold products considered are very similar. This confirms the notion that the three different spot return series show almost identical dynamics. Notably, for each of the three models, the average estimated hedge ratio for the 99.95% spot contract is higher than the corresponding average estimated hedge ratio for the 99.99% spot contract, which in turn is higher than the average estimated hedge ratio for the AU 100g contract. For example, the constant OLS hedge ratio between gold futures and each of the spot contracts with 99.95% purity, 99.99% purity, and the Au 100g contract respectively, equals 0.9078, 0.8958, and 0.8458. Albeit small, the differences in hedge ratios are consistent with the idea that using gold futures as a hedge together with the different spot contracts is associated with different basis risk. At futures expiration, it is possible to deliver any of the three spot contracts. But the spot contract with 99.95% purity is the cheapest to deliver, and thus constitutes the main underlying security for the gold futures contract.
Hedging performance evaluation
We begin the evaluation of the futures hedging performance with an in-sample analysis for each of the spot gold qualities. Table 7 presents the results for the full sample as well as the two subperiods. As above, the panels A to C distinguish the results for the three different spot gold products. The estimated hedge ratios from the models presented in Table 6 Au 100g spot contract. However, the differences in utility levels across models are small, and might be negligible. Table 8 presents out-of-sample hedging strategy evaluation results (with panels A to C representing different spot gold products as above). Unlike the in-sample hedging performance analysis, the out-of-sample exercise is based on a daily updated sequence of estimated hedge ratios. Thus, for each day, the futures hedging scheme is kept conditional upon the current set of information. The HP hedging evaluation metric shows that for each spot contract, and each period, the regression hedging strategy is consistently superior to the alternative models. A similar result holds for the EU performance measure, except for the spot contract with 99.99% purity, during Period I, when the DCC-GARCH model slightly outperforms the regression hedge.
The out-of-sample results displayed in Table 8 are very similar to the corresponding in-sample results in Table 7 . Accordingly, gold futures are more efficient hedge instruments during Period II than during Period I. The regression hedge achieves a variance reduction of 76-77% during Period I and roughly 88-90% during Period II. In addition, the more complex GARCH models, which allow time-varying return variances and correlations, in general underperform the simpler regression hedge models; although the former fit the gold spot and futures return data better.
As an illustration, the naïve hedging errors for the gold spot contract with 99.95% purity are displayed in Figure 5 . Clearly, the hedging errors exhibit a considerably lower variability over time than the spot returns displayed in Table 4 Table 9 , of an out-of-sample hedging performance analysis of the 99.95% gold spot contracts, breaking up Period I into Period IA, between June 2, 2008 , and September 12, 2008 , and Period IB, between September 16, 2008 , and December 31, 2008 . Indeed, the hedging performance measure HP barely reaches 70% during Period IB (the crisis period), while it is almost as large as 90% for Period IA.
CONCLUDING REMARKS
Gold is universally recognized as both a commodity and a financial asset. China is the world's largest gold producing country and is second only to India in terms of consuming gold. Recently, several important steps towards making China an important center for trading gold as a financial asset have been taken. In 2002, the Shanghai Gold Exchange (SGE) was founded, and has since then grown to be the largest spot gold exchange in the world. In addition, the Shanghai Futures The results also show that the returns series of both spot and futures products on the Chinese gold market are well-represented by bivariate GARCH models (with constant or dynamic correlations). However, accounting for such effects in the design of hedging strategies does not give any edge relative to the considerably simpler regression-based hedge. All these results are consistent across different spot gold products and hold both in-and out-of-sample.
The results of this study have implications for researchers in finance, exchange officials and regulators, and practitioners with interests in gold futures markets in general, and in the Chinese markets in particular. The main result of the paper is of course that the SHFE gold futures prove to be excellent hedging tools for the gold spot contracts at the SGE. Thus, companies that are involved in refining or producing gold, or e.g. manufacturing jewelry out of gold, would be able to reduce a substantial part of their gold price risk by engaging in gold futures hedging. Likewise, this result holds for individual as well as institutional investors in the gold market.
Officials at the SHFE can be delighted with the result discovered in this paper that the gold futures indeed are satisfactory hedging instruments already in their youth, with a sizable trading activity immediately following the introduction of gold futures at the SHFE. Though, regulators at the SHFE might want to consider an altered futures contract maturity structure, with fewer maturities available, to match the current trading demand, which is more or less concentrated to the June and December contracts, whereas the other ten contract months available on an annual basis record very little trading activity. Finally, the hedging performance analysis indicates that simplicity indeed is a winning strategy when composing the optimal hedge portfolios with gold futures. A simple regression hedge, or even a naïve one-to-one hedge, is almost consistently better than a more complicated GARCH hedge, both in terms of reducing the gold spot variance and within a mean-variance utility framework. Hence, as a suggestion for future research within the commodity futures area, perhaps it would be wise to try to optimize the hedging portfolio with respect to market specific characteristics, as e.g. liquidity, rather than aiming for a more complicated statistical model. -6.92e-4 -3.77e-4 -3.15e-4 -3.80e-4 -3.13e-4 -3.50e-4 -3 hedging performance in an expected utility framework, is presented for the four different hedge models; naïve, regression, constant correlation (CC) GARCH, and dynamic conditional correlation (DCC) GARCH. Results are presented for large-size gold spot contracts, with purity of 99.95% and 99.99% respectively, and the small-size AU 100g contract. J a n -0 9 F e b -0 9 M a r -0 9 A p r -0 9 M a y -0 9 J u n -0 9 J u l -0 9 A u g -0 9 S e p -0 9 O c t -0 9 N o v -0 9 D e c -0 9 J a n -1 0 F e b -1 0
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